, respectively. These findings indicate that the selectivity in lectin reactivity for distinct cell types and segment-dependent staining in the epididymis may be related to cellular and regional differences in function. Furthermore, because some lectins stain particular cells or cellular compartments selectively, these lectins could be useful markers for histopathological evaluation of diseases or diagnosis of male infertility.
Introduction
Mammalian spermatozoa become functionally mature during their passage through the epididymal duct, acquiring motility and a fertilizing capacity via biochemical and physiological changes (Bedford, 1975; Yoshinaga and Toshimori, 2003) . The mouse epididymal duct can be divided into five regions, I, II, III, IV, and V, according to the morphological properties of the epithelial cells in each region (Takano, 1980) . Epithelial cells lining the epididymal lumen were mainly composed of principal cells, narrow cells, clear cells, and basal cells (Shum et al., 2009) . It is known that principal cells absorb luminal fluid and secrete luminal factors, narrow cells and clear cells maintain luminal acidification by their proton pump (Hermo et al., 2000) , and basal cells function as luminal environment sensors and activate adjacent cells and regulate their function (Shum et al., 2008 (Shum et al., , 2011 . However, little is known about the precise role of epithelial cells and the molecular mechanisms used for regulating sperm maturation, concentration, transport, and storage.
Sugar chains bind not only to sugar chains but to proteins, lipids, and other small molecules and are known to participate in various physiological roles in the body. Lectins are proteins which bind specifically to the carbohydrate residues of glycoconjugates due to their individual specific affinity to a particular sugar. Thus, they have been widely used in histochemistry for the detection of sugar chains and the characterization of cell populations in the epididymis in some species, including humans (Arenas et al., 1996 (Arenas et al., , 1998 (Arya and Vanha-Perttula, 1985) , hamsters (Calvo et al., 1995) , horses (Parillo et al., 1997) , boars (Calvo et al., 2000) , dogs (Schick et al., 2009) , and alpacas (Parillo et al., 2009) .
From a reproductive medical and biological view point, the purpose of the present study was to obtain new information on the distribution of lectin-binding sites and to characterize glycoconjugates present in the mouse epididymal epithelium, using the technique of lectin histochemistry combined with immunohistochemistry.
Materials and Methods

Tissue collection and processing
Adult C57BL/6 male mice from 9 to 13-weeks-old were purchased from Japan SLC (Shizuoka, Japan). Experiments using laboratory mice were approved by the Committee on Animal Research at Kumamoto University. Mice were anesthetized with ether and fixed by intracardiac perfusion with 4% paraformaldehyde (PFA). After perfusion, epididymides were removed and further immersed in the same fixative for at least 4 hr at 4°C. After dehydration, specimens were embedded in paraffin, and 5-μm-thick sections were prepared.
Lectin histochemistry
Deparaffinized sections were treated with 0.3% H 2 O 2 in methanol to block endogenous peroxidase activity. Nonspecific binding was blocked by treating sections with 1% bovine serum albumin (BSA) in 10 mM phosphatebuffered saline (PBS; pH 7.4). Sections were incubated with 14 biotinylated lectins diluted in 1%BSA/PBS for 1 hr at room temperature. Lectins (Vector Laboratories, Burlingame, CA) used in this study are shown in Table 1 . After the sections were rinsed with PBS, they were incubated with the Vectastain ABC Kit (Vector Laboratories, Burlingame, CA) for 30 min and the reaction was visualized with 0.05% 3,3'-diaminobenzidine tetrahydrochloride (DAB) and 0.01% H 2 O 2 in 50 mM Tris buffer, pH 7.6 for 2-10 min. Sections were rinsed in tap water, counterstained with hematoxylin, and mounted.
Histochemical controls
As control staining for lectin binding specificity, sections were pre-incubated with a 0.1-0.5 M concentration of appropriate inhibitory sugars (Wako, Japan), listed in Table 1 , for each lectin and then incubated with a solution containing biotinylated lectins and inhibitory sugars. Nonspecific staining was checked by omission of the lectin incubation step. No reaction products were seen in all control specimens.
Double fluorescent staining using lectin histochemistry and immunohistochemistry
Deparaffinized sections were incubated with citrate buffer solution (pH 6.0) and their antigenicity was enhanced in an autoclave (121°C, 1 min). Sections were treated with 1%BSA/PBS for 10 min and incubated with various primary antibodies overnight at 4°C. The antibodies employed in this study were as follows: anti-aquaporin 9 (AQP9) polyclonal antibody (Alpha Diagnostic, San Antonio, TX), anti-GM130 monoclonal and anti-Foxi1 polyclonal antibodies (Abcam, Cambridge, UK), anti-K14 polyclonal antibody (Convance, Berkeley, CA), or anti-p63 monoclonal antibody (Santa Cruz Biotechnology, Santa Cruz, CA). After washing with PBS, sections were incubated with FITC-labeled second antibodies (Santa Cruz Biotechnology, Santa Cruz, CA) for 30 min and then incubated with biotinylated lectins (10~40 μg/ml) for 40 min. Sections were incubated with Alexa 568-labeled streptavidin (Molecular Probes, Eugene, OR) for 30 min. After washing with PBS, sections were counterstained with Hoechst 33258 (Sigma), mounted with a mounting medium (Vector Laboratories, Burlingame, CA), and then observed with a BX-51 epifluorescence microscope (Olympus, Japan).
results
All of the 14 lectins applied in this study showed a variety of binding patterns to epithelial cells of the epididymal duct. Lectin-binding patterns are summarized in Table 2 .
Principal cells
Principal cells had a well-developed Golgi complex and stereocilia. The Golgi zone showed a positive reaction with WFA (GalNAc), LEL (GlcNAc), AAL (Fucose), and UEA-I (Fucose) in the proximal region (regions I-III) and PSA (Glucose and Mannose), LCA (Glucose and Mannose), and ACA (Galactose) in the distal region (regions IV-V). The number of Golgi zone-positive lectins was the most in region IV and the fewest in region V. Among them, UEA-I reacted specifically with the Golgi zone of principal cells in region III (Fig. 1A) . These UEA-Ipositive cells were identified as principal cells by colocalization with AQP9, which is known to be a marker of principal cells (Pastor-Soler et al., 2001; Rojek et al., 2007) (Fig. 1B) . Furthermore, the UEA-I-positive site was identified as the Golgi complex by colocalization with GM130, which is known to be a marker of the Golgi complex (Nakamura et al., 1995) (Fig. 1B) . The stereocilia of principal cells showed a positive reaction with PSA (Glucose and Mannose), SBA (GalNAc), WFA (GalNAc), LEL (GlcNAc), and AAL (Fucose) in all regions of the epididymis, and there was an especially intense reaction in regions IV and V.
Narrow cells and clear cells
Narrow cells, which are located in region I, showed a positive reaction with ACA (Galactose) (Fig. 1D) and MPL (Galactose) and clear cells, which are located in regions II-V, showed a positive reaction with PSA (Glucose and Mannose), LCA (Glucose and Mannose), and MAL-I (Sialic acid), but there was no difference among regions. Among them, MAL-I showed a specific positive reaction in the apical part of clear cells (Fig. 1E) . Double fluorescent staining with the anti-Foxi1 antibody, which is known to be a marker of narrow and clear cells (Blomqvist et al., 2006) , showed that all MAL-I positive cells colocalized with Foxi1 (Fig. 1F) .
Basal cells
Basal cells showed a positive reaction with PSA (Glucose and Mannose), LCA (Glucose and Mannose), GS-IB (Galactose), and WGA (GlcNAc) in the proximal region (Fig. 1G) and GS-IB (Galactose) in the distal region. Among them, GS-IB showed a positive reaction with basal cells in all regions (Fig. 1H) . Double fluorescent staining with the anti-K14 antibody, which is known to be a marker of basal cells (Romano et al., 2009) , showed that all GS-IB positive cells colocalized with K14 (Fig. 1I) . 
Discussion
Using lectin histochemistry combined with immunohistochemistry, we revealed a cytochemical property of sugar chain expression of the mouse epididymal epithelium. To our knowledge, such a reliable and applicable morphological technique is the first applied technique in epididymal tissue. In general agreement with previous studies (Bendahmane and Abou-Haila, 1997; Parillo et al., 2009) , it is suggested that differences in lectin-binding patterns among regions or cell types of the epididymal epithelium observed in this study reflect differences in respective function. On the other hand, some differences in findings were noted between the present study and previous reports. For example, UEA-I showed a positive reaction to principal cells of the distal region (regions IV-V) of the epididymis in this study but showed no reaction in a previous report (Burkett et al., 1987a ). This discrepancy is probably due to a difference in the sensitivity of detection techniques or the fixation method.
Our findings showed that lectin-binding patterns in the Golgi zone of principal cells vary among different regions of the epididymis. This suggests that the type of sugar chain added is different among epididymal regions. In addition, we demonstrated that various lectins bound to the Golgi zone of principal cells in region IV, suggesting that glycosylation is activated in this region. Consistent with a recent report by Schick et al. (2009) , we found that the positive reaction of some lectins (WFA, LEL, AAL) were reduced or disappeared in regions IV and V, which was correlated with the reduction in size of the Golgi apparatus. Notably, many sugar chains were expressed in the stereocilia of principal cells in the distal region. This suggests that stereocilia have active absorptive functions of luminal fluid in the distal region. Therefore, it is interesting that the AQP9 water channel, expressed in stereocilia of the distal region of the epididymis, participates with the permeability of glycerol which is a metabolic substrate of sperm (Pietrement et al., 2008) .
Narrow and clear cells act on acidification of the luminal fluid and clear cells also have an endocytotic function (Hermo et al., 1992) . Differences in sugar chain expression between narrow and clear cells observed in this study may reflect differences in their function. It should be noted that the apical part of narrow and clear cells react specifically with MAL-I lectin, which has specificity to Galactose and GlcNAc. Therefore, it is interesting that the subunit of the proton pumps which are only expressed in narrow and clear cells are glycoprotein and their sugar chain terminal contains Galactose and GlcNAc (Tyagarajan et al., 1997). It should be also noted that basal cells react specifically with lectins PSA and LCA, which have specificity to Glucose. Therefore, it is interesting that basal cells regulate the function of clear cells, which are mediated by protein kinase A (PKA), and Glucose is reported to be one of the stimulation factors for PKA activation (Pastor-Soler et al., 2008; Dechant et al., 2010) . Further analysis of these lectins and their specific sugar chains on an electron microscope level will be helpful for understanding the physiological significance of the structure of the sugar chain.
In conclusion, although the present study does not provide any functional information about epididymal epithelial cells, it was indicated that the selectivity in lectin reactivity for distinct cell types and segment-dependent staining in the epididymis may be related to cellular and regional differences in function. Furthermore, because some lectins (UEA-I, MAL-I, GS-IB) stain particular cells or cellular compartments selectively, these lectins could be useful markers for basic research in cell movement and differentiation, and histopathological evaluation of diseases or diagnosis of male infertility. 
